ABSTRACT BACKGROUND: Normal physiologic changes during pregnancy result in similar laboratory and symptomatology changes as those during acute appendicitis (AA), making the diagnosis extremely difficult. The aim of the present study was to analyze the efficacy of conventional laboratory and radiologic tests in the diagnosis of AA according to different stages of pregnancy.
(CRP) levels; and symptoms such as nausea, vomiting, and anorexia are frequently encountered in the natural course of pregnancy and make the diagnosis difficult for the physicians. The displacement of the appendix according to the stages of pregnancy makes the ultrasonography evaluation difficult in pregnant women than in normal individuals. Use of abdominal computed tomography is not recommended due to the associated risks of radiation exposure; MRI, although very useful in the diagnosis, is not routinely employed or available at all centers. Alvarado scoring system has not been found to be efficient in the evaluation of pregnant patients due to the associated physiological symptoms. [2] ORIGINAL ARTICLE Ulus Travma Acil Cerrahi Derg, July 2018, Vol. 24, No. 4 
INTRODUCTION
The most common non-obstetric surgical emergency in a pregnant patient is acute appendicitis (AA), with its incidence ranging from 1/766 to 1/1440. [1] The diagnosis of AA during pregnancy is extremely difficult, and any delay in the diagnosis may result in significant morbidity for the mother and fetus. Therefore, the workup of pregnant patients should be meticulous, and the analysis should be performed in detail. The symptoms and findings encountered during the natural course of pregnancy usually mask the symptoms of AA and make the diagnosis complicated. Leukocytosis [increased white blood cell (WBC) count]; elevated C-reactive protein Uncomplicated AA is associated with a morbidity and mortality of 5%; however, in perforated AA, mortality increases to 40%. [3] McGory et al. [4] have reported a fetal loss rate of 20% in patients with perforated appendicitis during pregnancy. Furthermore, they reported an increased fetal loss rate in patients in whom negative laparotomies were performed. [4] There is no specific parameter for diagnosing AA. WBC count and CRP levels are the commonly used parameters for diagnosis; however, these are physiologically elevated during pregnancy. WBC count increases with gestational weeks and reaches its peak during labor; therefore, it is not a specific parameter for diagnosing AA in pregnant patients. [5] CRP levels have also been shown to be increased in healthy pregnant women. [6] Because the diagnosis of AA during pregnancy using the conventional diagnostic tests is extremely difficult, the resources for diagnosis should be utilized efficiently and in detail. Yazar et al. [1] reported that neutrophil-to-lymphocyte (NLR) and platelet-to-lymphocyte (PLR) ratios are superior in terms of diagnosis of AA for pregnant patients compared with that for non-pregnant patients.
Physiologic changes are continuous throughout the course of pregnancy (i.e., first, second, and third trimesters). The aim of the present study was to retrospectively analyze the efficacy of conventional laboratory and radiologic tests in the diagnosis of AA according to different stages of pregnancy.
MATERIALS AND METHODS

Study Design and Allocation of Patients to the Study Groups
Between 2012 and 2017, pregnant patients who were evaluated in the Emergency Department of the Inonu University Turgut Ozal Medical Center with the suspicion of AA and were operated upon were evaluated, and 25 patients with pathologically confirmed diagnosis of AA were included in the study. All the patients were evaluated by the Department of Gynecology and Obstetrics together with the Department of Surgery. The distribution of the patients according to the stage of pregnancy is summarized in Table 1 . Because the patient number in the third trimester was low, we formed two study groups: group1 comprising patients in the first trimester and group 2 comprising patients in the second and third trimesters.
Study parameters included WBC count, NLR, PLR and ultrasonography findings that were retrospectively collected from the patient charts. We tried to evaluate the efficacy of each test in diagnosing AA in different stages of pregnancy.
Statistical Analysis
The distribution of the data was assessed using Shapiro-Wilk test. Data were expressed as median (range) and mean±stan-dard deviation. Percentage ratios were provided when necessary. Statistical analysis of the dependent and independent data was performed using Mann-Whitney U test, independent sampling t-test, and Fisher's exact χ 2 test. Any p value <0.05 was considered significant. During the analysis, Statistical Program for Social Sciences software was used (SPSS v20, IBM, USA).
RESULTS
The median age of the patients was 25 (19-38) years. The median gestational week was 17 (6-31) weeks. The median leukocyte count was 12.4 (6.3-22.4) cells/mm3. The median PLR was 235 (101-404) and median NLR was 5.73 (2.22-38.5). The median CRP level was 1.62 (0.33-19.1) mg/L. Ultrasonography was positive in 60% of the patients. Neither maternal or fetal loss nor serious complications were observed in our study. The demographic data of the patients are summarized n Table 2 .
The distribution of the demographic data according to the study groups are summarized in Table 3 . The changes in the study variables are shown in Figure 1 . Briefly, the ultrasonog- 
DISCUSSION
AA is seen in approximately 1 in 1700 pregnancies and is most frequently observed in the second trimester of pregnancy. Diagnosis and appropriate management of AA in pregnancy is vital to reduce the potential risks to both mother and fetus. [7] Ueberrueck et al. [8] reported an overall appendicitis perforation rate of 14% in pregnant patients. Furthermore, distribution of the perforation rates was 8.7%, 12.5%, and 26.1 % in first, second, and third trimesters, respectively. They concluded that the diagnosis of appendicitis became more difficult as the pregnancy advanced. The Alvarado scores are usually inconclusive during pregnancy, and there are no validated diagnostic scores or criteria to aid the diagnosis in pregnant patients. [7] He negative laparotomy rates for appendicitis in pregnant patients were 25%-50%, whereas these were 15%-35% in non-pregnant counterparts. Mortality associated with appendicitis during pregnancy is a result of complications arising due to delay in the intervention in these patients. Delay in management also possesses considerable risk for the fetus. Fetal loss rate in patients with uncomplicated appendicitis is 1.5%-4%; however, it reaches 21%-35% in patients with perforated appendicitis. [9] We found that NLR and PLR were particularly increased in second and third trimesters of pregnancy, and this may be used for the diagnosis of AA in this special subgroup of the patients. Recent studies have also suggested NLR and PLR as markers of inflammation and that they can aid the diagnosis of AA in the pregnant patients. When NLR and PLR are combined with WBC count, CRP levels, and lymphocyte count, an accurate diagnosis of AA could be established with a 90.5% accuracy. [1] Early diagnosis is the best strategy for reducing the complication rates. We aimed to evaluate the efficacy of conventional laboratory tests in the diagnosis of AA according to the stages of pregnancy and observed differences in the levels of abovementioned parameters between patients in the first and second + third trimesters. The low patient number in our study mandated the evaluation of patients in the second and third trimester in the same group. Lymphocyte counts were reduced in the second and third trimesters than in the first trimester, resulting in higher NLR and PLR in the second and third trimesters; this can be used to aid the diagnosis of AA in these patients. Furthermore, the threshold level for NLR and PLR should be reduced for evaluation of the patients in the first trimester.
Uterus becomes an abdominal organ starting from the 12 th week of gestation and starts compressing the surrounding viscera. Study results regarding sensitivity of ultrasound during pregnancy vary significantly, and indeterminate results have been reported to be between 7% and 96%. [10] This wide variation in the indeterminate results may be due to both operator-dependent and patient-related factors such as the trimester, obesity, and anatomical variations of the appendix. There was no difference regarding the success rate of ultrasonography among group 1 (63.6%) and group 2 (57.1%) in our study.
Laparoscopic appendectomy during pregnancy is associated with low rate of intraoperative complications in all the trimesters. However, it is associated with significantly higher Figure 1 . The changes in leukocyte count, CRP levels, and NLR and PLR according to the study groups.
rates of fetal loss than appendectomy. [11] A serious risk associated with laparoscopy in pregnant patients is injury to the gravid uterus. Furthermore, pneumoperitoneum results in absorption of CO 2 by both mother and fetus. We chose open approach in all of our patients and performed the surgery through a Mc Burney incision in all of them. Furthermore, we did not encounter any maternal or fetal mortality.
The patient number in our study was low; therefore, we were not able to determine which scoring systems could be effectively used for the diagnosis of AA during pregnancy. To the best of our knowledge, this is the first study to evaluate the efficacy of conventional laboratory techniques as well as NLR and PLR in the diagnosis of AA in different stages of pregnancy. We strongly believe that NLR and PLR will become a part of scoring system specific for the pregnant patient in the diagnosis of AA. This study will serve as a guide for future, multi-institutional, large-volume studies to reach such a goal.
